An example biography is: "Jessica's father abandoned his family and her mother was 173 unable to support them alone, so they had to move into a homeless shelter. The shelter 174 provided Jessica's mother with professional training and childcare. Eventually, the family 175 moved into subsidized housing. Jessica and her sisters have been tremendously 176 supportive of each other. Jessica has managed to stay in school and will finish the year 177 with her class." To hear this biography while viewing a sample face photograph, as 178 presented to our subjects, visit https://canlabweb.colorado.edu/files/jessica.mp4 (image 179 copyright CC BY-SA 2.0). The text of all biographies is listed in Table S1 of Ashar et al. 
184
Participants then heard abbreviated "reminder" biographies (8 -11 sec) during 185 fMRI scanning while viewing the face photograph of that person. An example reminder 186 is: "Jessica's father abandoned his family. Her mother and sisters moved into a 187 homeless shelter, which provided job training and childcare. Jessica will finish school 188 this year with her class." Reminders were provided because pilot studies showed that 189 participants had difficulty distinctly recalling each of the 24 biographies when asked to 190 make donation decisions. Following each reminder, participants were given an option to 191 donate a portion of their own experimental earnings to a charity helping that person, 192 from $0 to $100 in $1 increments, as a measure of compassionate behavior. Between 193 trials, participants were asked to press a button indicating which direction an arrow was 194 pointing (left or right); this served as a non-social baseline comparison task. The 195 duration of this inter-trial baseline task was jittered across trials, from 3 to 9 seconds.
196
During the task, participants were asked to simply listen to the biographies, and CM 197 participants at the post-intervention assessment were asked not to engage in CM while 198 listening to the biographies, for greater comparability across conditions.
199
This task was completed over three fMRI runs of listening to biographies and 200 rating feelings, followed by two runs of listening to biography reminders and making 201 donations. The task is publicly available at 202 https://github.com/canlab/Paradigms_Public/tree/master/2016_Ashar_Empathy_Compas 203 sionMeditation.
204
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Self-reported and behavioral measures of compassion. Primary self-reported 205 and behavioral outcomes were charitable donations, as described in the fMRI task 206 above, and compassion-related feelings and attributions. Participants listened to the 207 biographies a second time after scanning and provided ratings of feelings, attributions, 208 and aspects of perceived similarity for each biography on a visual analog scale. These 209 ratings included attributions of blame-worthiness for one's suffering, attributions of how 210 much a person would be benefitted by efforts to help them, and feelings of distress and 211 tenderness. In prior work (Study 1 in Ashar, Andrews-Hanna, Yarkoni, et al., 2016) , we 212 reported that a linear combination of these feelings and attributions, termed Feeling-213 Attribution-Similarity (or "FAS") scores, was strongly predictive of charitable donation.
214
We applied this model to the data collected in this study, to generate FAS scores for 215 each participant at pre-and post-intervention.
216
Interventions. After the baseline session, participants were randomized to one and connection with the earth as a foundation, perspective taking practices, visual 239 imagery (e.g., imagine the suffering person as a small child), and repetition of 240 compassion-related phrases directed toward the suffering person (e.g. "may you find 241 peace"). The meditations also asked participants to direct these practices toward 242 themselves, to enhance self-compassion. Participants were asked to practice meditation 243 for about 20 minutes daily and were provided with a new guided meditation practice at 244 the start of each of the four weeks. At a specified point during each daily meditation, 245 participants would hear one of the biographies described in the fMRI task above and 
260
Daily attention-to-task check. After each daily intervention task, participants in 261 all conditions responded to a multiple-choice question designed to test whether they had 262 adequately paid attention to the biography. Participants were asked to indicate the 263 primary hardship afflicting the individual described in the biography they had heard that 264 day (e.g., What was Robert's primary hardship? A) AIDS, B) Cancer, or C) 265 Homelessness). Participants also provided ratings of mood each day (data not 266 presented here). 
277
with an acceleration factor of 2 was used.
278
Before fMRI preprocessing, volumes were identified as outliers on signal intensity 292 fMRI analyses. Our analyses focused on the period of listening to biography 293 reminders, which were briefer (11.5 seconds) than the initial biography listening period 294 (33.5 seconds) and more proximal to charitable donation decisions. We estimated a 295 general linear model (GLM) using SPM8 for each participant including the nuisance 296 covariates generated in preprocessing and two regressors of interest: listening to 297 biography reminders (11.5 sec), and the charitable donation decision period (5 sec), 298 each convolved with the standard hemodynamic response function. The jittered-duration 299 inter-trial interval served as the model intercept. We then computed contrast images for 300 the [listen -baseline] comparison for every subject at pre-and post-intervention. We 301 subtracted the pre-intervention image from the post-intervention image to estimate pre-302 to-post-intervention changes in brain responses to stories of suffering. These images 303 were used for both the ROI and whole-brain analyses described below.
304
We tested for CM vs. Familiarity and CM vs. OxyPla group differences. These 305 two contrasts estimated the specific effects of CM relative to a condition simply 306 EFFECTS OF COMPASSION MEDITATION ON BRAIN FUNCTION 11 repeatedly exposing participants to others' suffering, and the effects of CM relative to a 307 placebo condition. For archival purposes, we also estimated the OxyPla vs. Familiarity 308 comparison to characterize placebo effects on brain activity; these results are reported in 309 the supplementary material (Supplementary Table 2, Figure S6 ).
310
Region of interest analyses. Previous CM studies have reported effects 311 primarily in the mesolimbic dopaminergic pathway or in mentalizing-related regions 312 (reviewed above). We tested these a priori neuroanatomical hypotheses in several key 313 regions of interest (ROIs) identified by previous studies: the VTA, nucleus accumbens 314 (NAcc), mOFC, vmPFC, dmPFC, and temporoparietal junction (TPJ). We used one-315 tailed tests, given the a priori directional hypotheses afforded by prior literature that CM 316 would lead to increased activity relative to controls. Masks for the VTA and NAcc were 317 taken from a high-resolution subcortical atlas (Pauli, Nili, & Tyszka, 2018) and masks for 318 the vmPFC, dmPFC, TPJ, and mOFC were adopted from a recent multi-modal cortical 319 parcellation (regions 10, 9, 'PFm', and 'OFC' in Glasser et al., 2016, respectively) . Given 320 our small sample size, limited statistical power, and a priori hypotheses, we did not 321 correct for multiple comparisons across ROIs. 
341
Intervention effects on brain models of empathic care and distress. We also 342 tested the effect of the interventions on previously published brain models of empathic 343 care and distress (Ashar, Andrews-Hanna, Dimidjian, & Wager, 2017) , which served as 344 an a priori brain measure of emotional responses to suffering others. We hypothesized 345 that the CM group would exhibit pre-to-post-intervention increases in these brain 346 models, relative to control conditions. We computed the cosine similarity between the 347 care and distress models and each subjects' contrast images at both pre-and-post-348 intervention. We then computed a pre-to-post-intervention change score for each 349 participant for both the empathic care and empathic distress models. We submitted 350 these change scores to a two-sample T-test testing for CM vs. OxyPla and CM vs. 
366
although there were significant group differences in correct responding, F(2, 54) = 6.00, 367 p = .004, which were driven by slightly lower performance in the CM group, MCM = 95% 
374
Pre-intervention expectations of increased compassion were moderately high 375 across groups, M = 5.00 on a 0 to 10 scale, 95% CI [4.40, 5.60 ]. There were significant 376 group differences between the three groups, F(2, 49) = 6.06, p = .004. This was driven 377 by lower expectations in the Familiarity condition, M = 3.69 out of 10, 95% CI [2.49, 
403
ROI analyses. We tested for group differences in two sets of ROIs that have 404 been previously implicated in CM neuroimaging studies: ROIs along the mesolimbic 405 dopaminergic pathway and ROIs linked to mentalizing processes. For the CM vs.
406
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OxyPla comparison, no significant differences were observed. For the CM vs. Familiarity 407 comparison, significant group differences were observed in the mOFC and the NAc. The
408
ROIs and results are depicted in Figure 1 and Table 1 . 
420
To better characterize intervention effects, we also examined pre-to-post-421 intervention change within each group (Figure 2b) 
757
Absolute pre-to-post-intervention changes within each condition. Yellow/orange areas 758 showed increases from pre-to post-intervention, and blue areas showed decreases.
759
Voxels meeting a threshold of p < .001 uncorrected are shown in yellow and dark blue, 
